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ABSTRACT
An ANOVA and factorial designs for optimization
were compared using a hypothetical LPCVD process
situation. The three factorial proved superior
Boron diffusion was optimized using the three
factorial design.
INTRODUCTION
Today’s engineers have come to realize that design of
experiments is necessary. It provides a structured plan of
attack, it meshes with statistical analysis tools , it
forces the experimenter to organize and most of all it is
more efficient. It gives us the required information at the
least expenditure of resources(time,money,materials).
This project has two objectives. One is to review
design of experiments, using the example of an LPCVD system
and the second is to apply this tool to characterize RIT’s
Boron diffusion process. Diffusion characterization is
necessary if one is to maintain control over a system while
optimizing it. One can determine which factors or
combination of factors can be adjusted to obtain a desired
result with controllable repeatability. One will also gain
insight into the causes of any arising problem in the
process.
For the hypothetical LPCVD example a comparison is made
between a lower level design called an ANOVA(analysis of
variance) and. a high level three factorial design, showing
how each is designed and applied. For this example it is
desired to determine the effects of time, temperature and
pressure on percent contamination in the system. From Table
1 it is seen that the classical approach took a total of
sixteen wafers. The analysis gives little information
overall and it gives no information on interactions or
sources of variability. The ANOVA design gives information
on interactions and variability but again uses sixteen
wafers. The higher level factorial gives all the necessary
/~,2 O
information with only eight wafers, proving efficiently
superior
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Using the superior factorial design to characterize
RIT’s boron diffusion process, sheet resistivity(ps) and
variability of ps were chosen as the response variables
determining our diffusion characteristics. The factors
assumed to be affecting the variables were time,temperatUre
and position in the tube. The goal here, is to determine an
optimum diffusion process to obtain a desired ps while
maintaining the lowest possible variability. And. the
objective was to test the hypothesis that p5 and the
variability of ps are functions of time,temperature,and
position. A three to the two factorial with a midptoint was
designed. The three factors were taken at two levels each,
30 and 60 mm, 850 and 1100 C,load and source sides of the
center respectively. The midpoints were 45 min,975 C, and
center respectively. This design requires eleven runs, each
one to be run in random order and separately to give
independence of the results. The wafers were four point
probed in three locations and the average ps and standard
deviation were determined. The results were then analysed
using Yates method.[l)
RESULTS/DISCUSSION
The set up and results of the experiment can be seen in
Figure l~- The analysis using Yates method can be seen in
Figure 2 (or the effects of the factors on average PS.
Figure 4 shows the effects on variability of ps.
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From Figure 2 it is seen that temperature has the most
significant effect on ps, which is understandable since
diffuSiVitY is a strong function of temperature. Time also
shows a significant effect on ps and the interaction of
temperature and time is also significant. This is again
understandable since boron concentration increases with
temperature and time and therefor ps should decrease.
Position in the tube shows no significant effect on ps.
This shows there is low variability of ps across the tube
(it doesn’t matter which zone a wafer is in, it will
statistically have the same ave ps). To fully understand
the effects of temperature , time and the interaction, one
should examine the plots of these effects. From Figure 3 it
is observed that at high temperature ps is independent of
time. This is due to such a high diffusiVitY that we reach
saturation quickly. If it is desired to adjust ps one must
use a lower temperature and determine the needed time.
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From Figure 4 one sees the effect of the three factors
on the variability of ps across the wafer. Temperature
shows a significant effect on variability. But more
importantly there is a significant three factor interaction
that ust be examined. The plots of this interaction are in
Figure5. As teinperture increases variability decreases. At
the end position 30 mm shows the least variability and at
the source 30 mm shows a large variability. This shift
could be attributed to fluctuations in the heating unit for
this zone at low temperatures or possibly due to the direct
nitrogen flow into this zone. In any case the source has a
variability problem and should be investigated and avoided
if unfixed.
SUMMARY
Factorial designs proved to be an efficiently superior
design and a necessary tool for engineering. One gets all
the necessary information at the least expenditure of
resources.
From the boron diffusion factorial design , this
diffsion process was characterized. If one wants to adjust
ps and maintain low variability, temperature should be
chosen as high as the process will tolerate and where
adjustments in time will have an effect in changing ps.
Time around the 30 mm area proved superior for low
variability and should be used if possible. And the source
position -should be avoided if processing below 1000 C
because of its instability.
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